Introduction {#sec1}
============

Successful airway management is a critical skill in emergency medicine ([@bib1],[@bib2]). The majority of emergent and unplanned intubations in emergency departments (EDs) are managed by emergency physicians using rapid-sequence intubation, with success rates as high as 99% ([@bib2], [@bib3], [@bib4]). However, emergency physicians must be able to prepare for and manage critically ill patients with a wide range of physiologic challenges in the peri-intubation setting.

First-pass success is a priority in any attempt at endotracheal intubation, but especially in physiologically challenging airways, as multiple attempts are associated with an increase in adverse events ([@bib5],[@bib6]). Difficult visualization and intubation, generally defined as ≥3 attempts, occur as often as 6.6--12% of intubation attempts in critically ill patients ([@bib6], [@bib7], [@bib8], [@bib9]). This rate may be decreasing in the ED population, potentially because of video laryngoscopy or improved techniques, as shown by a decreased rate of multiple attempts of 1.5% in a more recent study of ED intubations ([@bib4]). Severe complications occur in 24--28% of endotracheal intubation in patients who are critically ill, most commonly hypoxemia and hypotension ([@bib6],[@bib8]). Patients with high-risk comorbid disease and preintubation factors, such as hypoxemia, hypotension, and severe acidosis, are at high risk for peri-intubation hemodynamic collapse and resultant worse outcomes ([@bib8],[@bib10], [@bib11], [@bib12], [@bib13]). The incidence of peri-intubation cardiac arrest is as high as 1 in 25 emergency airways in 1 series ([@bib10]). Postintubation hypotension (PIH) is more common, occurring as frequently as 25% of emergency intubations, and is associated with increased mortality ([@bib11]). Many of the preintubation risks for decompensation can be recognized and prevented with proper preparation and evaluation ([@bib8],[@bib10],[@bib14], [@bib15], [@bib16], [@bib17], [@bib18]).

This first article in this 2-part series focuses on the latest literature, recommendations, and underlying physiologic considerations for airway preparation in high-risk patients, including those with severe metabolic acidosis; shock and hypotension; obstructive lung disease; pulmonary hypertension, right ventricle (RV) failure, and pulmonary embolism (PE); and severe hypoxemia. Each condition will be discussed through pitfalls and pearls ([Table 1](#tbl1){ref-type="table"} ).Table 1Pearls and Pitfalls in the Management of High-Risk AirwaysHigh-Risk AirwayPitfallsPearlsMetabolic acidosis1.Not accounting for the respiratory compensation of a metabolic acidosis and risk of respiratory muscle fatigue2.Allowing for a prolonged apneic time during induction3.Inappropriate ventilator settings postintubation to match preintubation respiratory compensation1.Treat the underlying cause of acidosis while monitoring for respiratory failure2.Minimize apneic time during induction by bag valve mask ventilation, sedation only intubation, or awake intubation3.Match at least the preintubation respiratory rate, to approximate minute ventilation, to the postintubation respiratory rate while monitoring for air trapping; check a blood gas shortly after intubation to ensure adequate minute ventilationHypotension and shock1.Failure to treat preintubation hypotension and not preparing for postintubation hypotension2.Failure to resuscitate before induction and intubation3.Using induction agents or doses that cause or worsen hypotension1.A shock index[∗](#tbl1fnlowast){ref-type="table-fn"} of ≥0.8--0.9 and preceding hypotension are predictors of hemodynamic compromise and cardiac arrest and should be managed before induction and intubation2.Hypotension should be a component of a preintubation checklist, and preintubation hypotension should be treated with volume in those who are volume depleted or a vasopressor infusion such as norepinephrine; assess cardiac function and volume status with ultrasound3.Use hemodynamically neutral agents (noting any agent can cause hypotension) such as etomidate or ketamine; a dose reduction by ≥ 50% or incremental dosing to effect is recommended in highly unstable patients while balancing the risk of awareness during neuromuscular blockadeObstructive lung disease1.Not aggressively trialing NIPPV to avoid intubation2.Failure to anticipate the hemodynamic effects of high intrathoracic pressure3.Inappropriate postintubation mechanical ventilation settings leading to breath stacking1.NIPPV in bilevel settings is an effective therapy in COPD and asthma exacerbations2.A fluid bolus is recommended as venous return may be decreased; ketamine is a recommended induction agent3.Assess for air trapping; set a low respiratory rate (8--14 breaths/min) to allow time for exhalation; permit a respiratory acidosis with a pH of ≥7.20; monitor and keep plateau pressure \<30 cm H~2~OPulmonary hypertension, right heart failure, and pulmonary embolism1.Failure to identify a patient with pulmonary hypertension or right heart failure2.Not anticipating the hemodynamic challenges of pulmonary hypertension, right heart failure, and pulmonary embolism3.Not treating hypotension4.Inappropriate, high pressure mechanical ventilation settings leading to high intrathoracic pressure5.Failure to treat a massive pulmonary embolism before induction and mechanical ventilation1.Use a history, physical examination (e.g., jugular vein distension, peripheral edema), previous echocardiogram or point-of-care echocardiogram to identify these high-risk patients2.Hypoxia, hypercapnia, and acidosis increase pulmonary vascular resistance and should be avoided3.Hypotension is poorly tolerated by the right ventricle; start norepinephrine if hypotension is present or anticipated; use 250--500 mL fluid boluses judiciously to avoid overdistension of the right ventricle; use hemodynamically neutral induction agents4.For mechanical ventilation, target a normal PaO~2~, pH, and PaCO~2~ with the lowest possible plateau pressure and PEEP; start the tidal volume at 6 mL/kg predicted body weight and PEEP of 5 cm H~2~O5.In unstable patients, administering systemic thrombolytics before intubation is recommended if able6.Consider transfer to a specialty center for the intubated patient with known right ventricle failure or pulmonary hypertensionSevere hypoxemia1.Failure to adequately preoxygenate before intubation2.Failure to use NIPPV and position appropriately for preoxygenation3.Failure to use proper PPE in those with suspected respiratory infection1.Preintubation hypoxemia is associated with adverse events2.Preoxygenate with head of the bed elevated using NIPPV; continue apneic oxygenation with high-flow nasal cannula3.Use airborne precautions during the intubation and preoxygenation management of patients with suspected highly contagious diseases, such as COVID-19[^1][^2]

Discussion {#sec2}
==========

Metabolic Acidosis {#sec2.1}
------------------

**Pitfall: Not accounting for the respiratory compensation of metabolic acidosis and not anticipating impending respiratory failure from fatigue**.

Preintubation metabolic acidosis represents a major challenge and a risk for patient decompensation. Unlike respiratory acidosis, metabolic acidosis is not corrected by mechanical ventilation. Diagnosis and treatment of the underlying cause is recommended, as well as avoiding intubation in patients with severe metabolic acidosis if possible. Common causes of metabolic acidosis in the ED include critical illness, diabetic ketoacidosis, toxic ingestions, and lactic acidosis. There is an increased respiratory drive to compensate for a metabolic acidosis by a respiratory alkalosis. This is accomplished by an increase in tidal volume and respiratory rate leading to an increase in alveolar minute ventilation ([@bib19]). End tidal capnography (ETCO~2~) may be used to assess for the presence of respiratory compensation for an underlying metabolic acidemia because ETCO~2~ values directly correlate with serum bicarbonate ([@bib20]). The patient may not be able to sustain the respiratory drive or may have a worsening mental status necessitating intubation and mechanical ventilation. Noninvasive positive pressure ventilation (NIPPV) with bilevel positive airway pressure ventilation settings to support the high tidal volume may be a short-term option for those with a reversible process (e.g., diabetic ketoacidosis) and who show signs of early muscle fatigue, though there are little data to support this strategy ([@bib12]). Delaying mechanical ventilation until respiratory failure can be deadly; all patients with severe metabolic acidosis must be reassessed frequently. The use of sodium bicarbonate is controversial ([@bib21]). Aside from bicarbonate losses from a renal tubular acidosis or losses from diarrhea, sodium bicarbonate administration typically will not correct the underlying cause of the acidosis ([@bib22]). Though administration may increase the pH and raise serum bicarbonate levels, a proven clinical benefit in the literature is lacking ([@bib22]). A recent study in an intensive care unit (ICU) population with severe metabolic acidemia (pH \< 7.20) suggests no beneficial or harmful effect in those given an infusion of 4.2% sodium bicarbonate to target a pH \> 7.30, aside from a possible improvement in outcomes in those with an acute kidney injury ([@bib23]). Sodium bicarbonate should not be given routinely to patients with a metabolic acidemia requiring intubation. If given, it should be delivered as a slow push or infusion and reserved for severe cases of metabolic acidemia with a pH \< 7.20, though further study is required to determine a specific threshold for pH.

**Pearl: Treat the underlying cause of the acidosis while frequently assessing for impending respiratory failure.**

**Pitfall: Allowing for a prolonged apnea time during induction**.

The apneic time during induction and paralysis may lead to a sudden decrease in pH with resulting hemodynamic collapse, dysrhythmia, or bradycardia ([@bib24]). One strategy is to maintain spontaneous patient ventilation during an intubation attempt with a medication such as ketamine ([@bib12],[@bib25]). Although sedation only intubation is less common than rapid sequence intubation (RSI), registry data show first-pass success of sedation only intubation to be 76% compared with 85% using an RSI strategy ([@bib4]). Awake intubation with topical anesthetics can preserve respiratory drive and reduce the physiologic perturbations of intubation ([@bib26]). If RSI is used to facilitate a safe intubation, consider assisted ventilation with a bag valve mask during the apneic period unless the patient is at high risk for aspiration; a recent study shows the aspiration risk to be as low as 2.5% for bag-valve mask ventilation during induction ([@bib27]). RSI is the most common technique for emergency phsyicians, and an optimal bag valve mask technique with 2-hand mask seal, positive end-expiratory pressure valve, and ventilation to chest rise is recommended during the apneic period ([@bib4]).

**Pearl: Minimize apneic time during induction by bag valve mask ventilation, by sedation only intubation, or by awake intubation with topical anesthetics.**

**Pitfall: Inappropriate ventilator settings to match the preintubation respiratory compensation.**

If a longer-acting neuromuscular blocker is used (e.g., rocuronium), the patient is completely dependent on the ventilator for maintenance of minute ventilation. A healthy patient may be able to actively generate a minute ventilation of \>40 L/min, but those with lung disease such as chronic obstructive pulmonary disease (COPD) will have a limited ability to compensate ([@bib12],[@bib19]). This high minute ventilation cannot be matched by a ventilator. For instance, to match 40 L/min on the ventilator, the respiratory rate would have to be 40 breaths/min with a tidal volume of 1000 mL---the large tidal volume and limited expiratory time make this impossible to match artificially. In the absence of obstructive lung disease (e.g., asthma or COPD), a respiratory rate up to 30 breaths/min is generally tolerated ([@bib24],[@bib28],[@bib29]). Close evaluation for air-trapping and the development of auto--positive end expiratory pressure (PEEP) is needed ([@bib24],[@bib28]). An example of air trapping is seen in [Figure 1](#fig1){ref-type="fig"} . The ventilator should be adjusted to target, as closely as possible, the same partial pressure of carbon dioxide (PaCO~2~) preintubation or at the predicted, compensatory PaCO~2~ given by the Winters formula: PaCO~2~ = 1.5\[HCO~3~ ^−^\] + 8 ± 2 or more simply by the equation PaCO~2~ = \[HCO~3~ ^−^\] + 15 mm Hg ([@bib21],[@bib30]). A tidal volume of 8 mL/kg predicted body weight (PBW) or higher may be needed. A blood gas should be assessed within 15 min of intubation to ensure the pH has not significantly worsened. Continuous ETCO~2~ may be used to follow PaCO~2~ once intubated; in the patient with normal lung function the ETCO~2~ value is 2--5 mm Hg lower than the PaCO~2~ ([@bib20],[@bib31]).Figure 1Air-trapping on pressure waveform. PEEP = positive end expiratory pressure.

There are many different mechanical ventilator strategies postintubation ([@bib12],[@bib24]). When the sedation and neuromuscular blockade medications are metabolized, some advocate for spontaneous ventilatory modes, such as pressure support ventilation, so that the patient can set the respiratory rate, tidal volume, and inspiratory time ([@bib12]). Alternatively, adequate sedation and assist control modes of ventilation with a prescribed tidal volume (e.g., VC-AC) or pressure (PC-AC) and respiratory rate may be used, but the patient should be monitored for patient--ventilator dyssynchrony with the increased respiratory drive stimulated by the acidosis ([@bib12],[@bib24]). The recommended approach is to deliver a guaranteed minute ventilation by setting the respiratory rate and a starting tidal volume of 8 mL/kg PBW in an assist control type mode.

**Pearl: Match at least the preintubation respiratory rate, to approximate minute ventilation, to the postintubation respiratory rate while monitoring for air trapping. Most patients tolerate a respiratory rate up to 30 breaths/min. A blood gas should be assessed shortly after intubation to ensure that the pH has not decreased.**

Hypotension and Shock {#sec2.2}
---------------------

**Pitfall: Failure to treat preintubation hypotension and not anticipating PIH**.

Patients with shock and hypotension requiring intubation and mechanical ventilation are at high risk for peri-intubation cardiovascular collapse ([@bib7],[@bib8],[@bib10],[@bib17],[@bib32]). PIH is common and occurs in ≤25% of emergently intubated patients, is associated with adverse outcomes, and should be aggressively avoided and treated ([@bib8],[@bib11],[@bib12],[@bib33]). Studies suggest preintubation hypotension and shock index ≥0.8--0.9 (heart rate/systolic blood pressure) are the best predictors of postintubation cardiac arrest and PIH ([@bib7],[@bib10],[@bib12],[@bib17],[@bib32]). The shock index is associated with severity of illness and suggests impending instability ([@bib17]). Postintubation cardiac arrest occurs in approximately 2%, though 1 series reported a higher rate of 4.2% in emergency intubations ([@bib10]). The reported incidence of cardiac arrest in patients with preintubation hypotension is even higher at 12--15% of emergency intubations ([@bib7],[@bib10]). Postintubation cardiac arrest is unsurprisingly associated with increased mortality ([@bib8],[@bib10],[@bib34]). There are many other contributors to postintubation cardiovascular collapse, including the severity of the underlying illness, age, hypoxemia, sympatholytic action of the induction agents, and hemodynamic consequences of positive pressure ventilation ([@bib13],[@bib17],[@bib24],[@bib33],[@bib35]).

**Pearl: PIH is common, should be avoided, and is associated with adverse outcomes. A shock index of ≥ 0.8 -- 0.9 and preceding hypotension are predictors of hemodynamic compromise and cardiac arrest that should be managed before induction.**

**Pitfall: Failure to resuscitate before induction and intubation.**

Resuscitation and management of preintubation hypotension or elevated shock index ≥0.8--0.9 are recommended to prevent adverse events ([Table 2](#tbl2){ref-type="table"} ). Some call this approach "resuscitative sequenced intubation" ([@bib36]). Volume resuscitation is recommended if hypovolemia is suspected. Hypotension from hypovolemia will be exacerbated by the decreased venous return with positive pressure ventilation ([@bib24]). Though beneficial for some, volume therapy should not be used indiscriminately. A recent study suggests a routine 500-mL fluid bolus before induction does not prevent cardiovascular collapse ([@bib37]). In those with hypotension despite appropriate volume resuscitation, an infusion of a balanced vasopressor, such as norepinephrine with beta~1~ adrenergic activity to increase cardiac contractility and alpha~1~ adrenergic activity to cause vasoconstriction, is recommended ([@bib35],[@bib38]). Epinephrine should be considered if there is bradycardia or if the patient is unstable and in a prearrest state ([@bib35]). Phenylephrine is another option, but it is less desirable in those with a primary low output cardiogenic shock because it is a pure alpha~1~ vasoconstrictor and may result in decreased cardiac output through an increase in afterload ([@bib35],[@bib38],[@bib39]). In addition, a significant rise in afterload may be detrimental in those with myocardial ischemia causing cardiogenic shock ([@bib35],[@bib38],[@bib39]). Bolus or push-dose vasopressors risk dosing errors and lack a proven benefit over vasopressor infusions ([@bib35],[@bib40]). A vasopressor infusion should be initiated early, with adequate volume resuscitation. If time allows, perform point-of-care ultrasound to evaluate volume status and cardiac function ([@bib12]). The findings of the ultrasound may inform volume resuscitation or vasopressor choice. Using a preintubation checklist that incorporates management of hypotension is recommended.Table 2Predictors of Postintubation Hypotension and Cardiac ArrestRisks and PredictorsTreatments1.Preceding hypotension2.Shock index ≥0.8--0.9[∗](#tbl2fnlowast){ref-type="table-fn"}-Resuscitate before induction with volume if the patient is volume depleted-Initiate vasopressor infusion (i.e., norepinephrine) before induction and maintain during and after intubation[^3]Data from Schwartz et al., Jaber et al., Heffner et al., Heffner et al., Green et al., and Miller et al. ([@bib7],[@bib8],[@bib10],[@bib17],[@bib32],[@bib41]).

**Pearl: Hypotension should be a component of a preintubation checklist, and preintubation hypotension should be treated with volume in those who are volume-depleted or a vasopressor infusion, such as norepinephrine. Perform a point-of-care ultrasound to assess cardiac function and volume status.**

**Pitfall: Using induction agents or inappropriate doses that worsen or precipitate hypotension.**

In those with anticipated hemodynamic instability, the dosing and familiarity of the induction agent are likely more important than the agent itself. Any induction agent may cause hypotension by blunting the sympathetic response ([@bib42],[@bib43]). The risk of awareness during neuromuscular blockade should be considered, but a dose reduction of the induction agent by ≥ 50% in unstable patients is recommended to prevent the deleterious consequences of worsening hemodynamic compromise ([@bib17],[@bib43],[@bib44]). Incremental, low doses of an induction agent until desired level of sedation before neuromuscular blockade is another option ([@bib24]). Propofol has the highest rate of hypotension by causing myocardial depression, vasodilation, and suppression of the sympathetic drive ([@bib35],[@bib45]). Etomidate is regarded as hemodynamically neutral and remains a common and reliable option in unstable patients ([@bib8],[@bib17],[@bib45]). Ketamine has been used safely in patients with shock and is regarded as having favorable hemodynamic effects and avoids the controversial risk of reversible adrenal suppression associated with etomidate ([@bib25],[@bib41],[@bib46],[@bib47]). Ketamine acts as a sympathomimetic by stimulating the release of endogenous catecholamines. The endogenous catecholamine release allows for hemodynamic stability; ketamine should be used with caution in those with a prolonged shock state at risk for a catecholamine depleted state ([@bib41]). Hypotension after ketamine administration may be seen in this population ([@bib41],[@bib48]). Appropriately dosed ketamine or etomidate are the first line agents in patients with shock, with doses reduced to 25--50% of normal.

**Pearl: Anticipate and avoid PIH by appropriate induction agents and dosing. Incremental dosing or a decreased dose of induction agent (25--50% of normal) should be considered.**

Obstructive Lung Disease {#sec2.3}
------------------------

**Pitfall: Failure to aggressively treat with NIPPV before intubation.**

Respiratory failure from obstructive lung disease, such as asthma and COPD, is a frequent indication for airway intervention in the ED ([@bib4]). An exacerbation of obstructive lung disease leads to narrowing of the airways and bronchospasm causing increased airway resistance, air trapping, hyperinflation, increased dead space, and respiratory failure, resulting in an elevated PaCO~2~ and an acute respiratory acidosis ([@bib49]). NIPPV reduces mortality and the need for intubation and should be a first-line therapy in patients with acute hypercapnic respiratory failure from an exacerbation of COPD ([@bib50],[@bib51]). Though less often studied, NIPPV can also be trialed in those with severe asthma exacerbations and evidence of respiratory muscle fatigue ([@bib49],[@bib52],[@bib53]). In patients with COPD or asthma, bilevel positive airway pressure settings of NIPPV are used to maximize pressure support with an inspiratory positive airway pressure delivered with each patient-triggered breath to assist with ventilation. The inspiratory pressure can be increased depending on the patient\'s response and tolerance, usually not exceeding a peak inspiratory pressure of ∼20 cm H~2~O to avoid gastric insufflation ([@bib15],[@bib49],[@bib54]). When patients with obstructive lung disease fail the usual aggressive medical treatment and NIPPV, have a contraindication to NIPPV (i.e., severely depressed mental status, inability to cooperate, etc.), or intolerance to NIPPV, intubation and mechanical ventilation are needed. NIPPV may still be used to provide preoxygenation and assistance with ventilation by "delayed sequence intubation" while preparing for intubation as described by Weingart et al. ([@bib14]). While the airway operator is maintaining the mask seal and opening the airway, the NIPPV machine or a ventilator can be used to provide breaths, with a safely set peak inspiratory pressure (i.e., \<20--25 cm H~2~O) and a backup rate during induction ([@bib15]).

**Pearl: Trial and titrate NIPPV, along with aggressive medical management, in an attempt to avoid intubation in those with obstructive lung disease.**

**Pitfall: Not anticipating the hemodynamic risk of a high intrathoracic pressure and decreased venous return.**

When choosing the induction agent in those with obstructive lung disease, clinicians should consider comorbid conditions (i.e., heart failure, pulmonary hypertension, etc.) and the presenting hemodynamic profile. A fluid bolus can be considered in this population because of the risk of decreased venous return leading to hypotension, particularly in those who are at high risk for hyperinflation or receiving NIPPV before intubation ([@bib24],[@bib37]). Ketamine may assist with bronchodilation in those with bronchospasm from obstructive lung disease ([@bib53],[@bib55],[@bib56]). Ketamine also allows for the maintenance of the respiratory drive if used in a delayed sequence strategy for preoxygenation and ventilation with NIPPV ([@bib14],[@bib15],[@bib25]).

**Pearl: Ketamine may have bronchodilatory effects and is an ideal induction agent in patients with obstructive lung disease.**

**Pitfall: Inappropriate postintubation mechanical ventilation settings leading to breath stacking.**

Postintubation mechanical ventilation places patients with obstructive lung disease at risk for air trapping and dynamic hyperinflation, caused by incomplete exhalation before the next breath is given ([@bib28],[@bib49],[@bib52]). This may lead to cardiovascular collapse by high intrathoracic pressure impairing venous return to the right heart or barotrauma and pneumothorax ([@bib24],[@bib49]). Continued bronchodilator therapy and aggressive medical management should continue while intubated. A recommended ventilator strategy includes a respiratory rate of 8--14 breaths/min with an inspiratory to expiratory (I:E) ratio of ≥1:4, volume-targeted mode with a tidal volume of 6--8 mL/kg PBW, and an initial PEEP of 0--5 cm H~2~O, though some suggest a more complex strategy of a higher PEEP in the case of COPD to match 80% of measured intrinsic PEEP (set PEEP + auto-PEEP) to assist with patient triggering ([@bib24],[@bib28],[@bib49],[@bib53]). The respiratory rate can be adjusted to allow for full exhalation as seen on the expiratory flow waveform on the ventilator in [Figure 1](#fig1){ref-type="fig"} ([@bib28],[@bib49]). Permissive hypercapnia and a respiratory acidosis with a pH ≥ 7.20 can be tolerated in most patients aside from those with a potential contraindication to a respiratory acidosis, such as those with pulmonary hypertension, brain injuries at risk for increased intracranial pressure, severe right-sided heart failure, pregnancy, and certain toxic ingestions ([@bib49]).

**Pearl: Use an initial ventilator strategy as shown in** [Table 3](#tbl3){ref-type="table"} **and tolerate a respiratory acidosis with a pH \> 7.20.** Table 3Initial Ventilator Settings in Obstructive Lung DiseaseSettingRecommendationRespiratory Rate8--14 Breaths/minPEEP0--5 cm H~2~OTidal volume6--8 mL/kg ideal body weightPlateau pressure\<30 cm H~2~OPermissive hypercapnia if no contraindications (i.e., pulmonary hypertension, brain injury, etc.)Tolerate pH ≥ 7.20Data from Manthous, Weingart, Mosier et al., and Leatherman ([@bib24],[@bib28],[@bib49],[@bib53]).

Deep sedation with or without paralysis may be needed to prevent patients from spontaneously overbreathing the set rate, resulting in air trapping ([@bib28],[@bib49]). If neuromuscular blockade is used, continuous sedation must be ensured to avoid awareness. If hypotension occurs, the patient should be disconnected from the ventilator and external pressure applied on the chest to allow for complete exhalation and restarting at a lower respiratory rate when mechanical ventilation resumes ([@bib49]). The plateau pressure estimates end inspiratory alveolar pressure and reflects total respiratory system compliance; plateau pressure should be assessed with an end inspiratory hold and maintained at \<30 cm H~2~O ([@bib28],[@bib49]). A plateau pressure of \>30 cm H~2~0 in the setting of obstructive lung disease likely indicates hyperinflation from auto-PEEP ([@bib53]). The peak pressure will be elevated because of airway resistance, but this pressure is less important, and can be tolerated, if the plateau pressure remains \<30 cm H~2~O, because the peak pressure is not transmitted to the alveoli of lung parenchyma ([@bib24],[@bib28],[@bib53]). An example of a pressure waveform in a mechanically ventilated patient with high airway resistance is shown in [Figure 2](#fig2){ref-type="fig"} .Figure 2High airway resistance on pressure waveform.

**Pearl: Assess for air trapping on the ventilator. Air trapping from a high respiratory rate can lead to hemodynamic collapse; a patient with a high spontaneous respiratory rate may require deep sedation with or without neuromuscular blockade. The plateau pressure should be assessed and maintained at \<30 cm H~2~O.**

Pulmonary Hypertension, RV Failure, and PE {#sec2.4}
------------------------------------------

**Pitfall: Failure to identify a patient with pulmonary hypertension or RV failure.**

Induction for intubation and positive pressure mechanical ventilation in those with pulmonary hypertension and right ventricle (RV) dysfunction is risky, and improper management can lead to cardiovascular collapse. RV dysfunction is defined by abnormal RV filling or contraction, while RV failure is defined by impaired RV function along with symptoms of heart failure ([@bib57]). In the ED this may be encountered as a chronic comorbidity with an acute insult (i.e., sepsis, pneumonia, etc.) or as an acute process in the case of a pulmonary embolism (PE) or RV infarction. Chronic elevations in pulmonary arterial pressure lead to chronic RV dysfunction or failure and may result from underlying causes such as idiopathic pulmonary hypertension, congenital heart disease, chronic lung disease, left-sided heart disease, chronic pulmonary emboli, and others ([@bib57],[@bib58]). A suggestive physical examination (i.e., jugular vein distension, peripheral edema) or reported history of pulmonary hypertension or RV failure along with review of the patient\'s medications, medical record, previous echocardiogram, or a point-of-care ultrasound, may help identify these patients so that adverse events can be mitigated before an intubation attempt and postintubation mechanical ventilation challenges can be anticipated ([@bib58]). A bedside ultrasound with RV dilation and enlargement more than two-thirds of the size of the left ventricle in the apical view or flattening of the interventricular septum causing a D shape is suggestive of pulmonary hypertension or RV dysfunction ([@bib12],[@bib58]).

**Pearl: Identify those with RV failure and pulmonary hypertension using history, physical examination, and previous echocardiogram or point-of-care ultrasound to anticipate their complex physiology.**

**Pitfall: Not anticipating and preparing for the hemodynamic challenges of pulmonary hypertension, RV failure, and PE.**

The pulmonary vascular system is usually a low-resistance circuit with a thin-walled RV acting as the pump against a low afterload, with a mean right-sided pressure much lower than the systemic left-sided pressure ([@bib58],[@bib59]). The RV has limited capacity to adapt to an acute rise in afterload, and acute elevations in pulmonary vascular resistance (PVR) may worsen RV dysfunction and precipitate RV failure and hemodynamic collapse ([@bib12],[@bib57],[@bib58]). Based on interventricular dependence, RV dilation and pressure overload may lead to bulging of the interventricular septum and compromise left ventricular function and cardiac output ([@bib57], [@bib58], [@bib59], [@bib60]). Acute hypoxemia, hypercapnia, and acidosis lead to pulmonary vasoconstriction, and these precipitants of an acute rise in PVR should be aggressively avoided in the failing RV ([@bib57],[@bib58],[@bib61]). The patient must be preoxygenated, and during induction, hypercapnia and hypoxemia should be avoided ([@bib49]).

**Pearl: Avoid and manage precipitants of increased PVR, including hypoxia, hypercapnia, and acidosis.**

**Pitfall: Not treating hypotension, leading to an underperfused and ischemic RV.**

The RV is perfused during systole and diastole because of the typically low RV pressure and low ventricular wall tension ([@bib58],[@bib59]). When the pulmonary artery pressure exceeds systemic blood pressure, RV perfusion decreases, resulting in RV ischemia and a potentially deleterious cycle of refractory RV failure, low cardiac output, hypotension, and hemodynamic collapse ([@bib57],[@bib58]). Preinduction systemic hypotension or hypotension during an intubation attempt, particularly in combination with an increase in PVR from hypoxemia or hypercapnia during an apneic period, may precipitate this deadly cycle ([@bib12],[@bib57]). Norepinephrine can be used to maintain systemic blood pressure in the patient with RV failure; phenylephrine should be avoided, as the pure alpha~1~ effects will cause pulmonary vasoconstriction and an increase in PVR ([@bib12],[@bib58]). The induction agent and dose should be carefully planned, favoring hemodynamically neutral agents such as etomidate ([@bib12]). Those with RV failure and pulmonary hypertension are sensitive to changes in preload. Volume overload may worsen RV dilation and ischemia, while hypovolemia will decrease the cardiac output ([@bib57]). Unfortunately, the normal physical examination and ultrasound findings of volume responsiveness are unreliable in this patient population ([@bib12],[@bib57],[@bib58]). If the history suggests hypovolemia, a 250--500 mL fluid challenge can be administered, followed by a close assessment for improvement. If the patient does not improve hemodynamically, further fluid boluses are not recommended ([@bib57],[@bib58]).

**Pearl: Aggressively treat systemic hypotension with norepinephrine or cautious 250--500 mL boluses only if the history suggests hypovolemia and use hemodynamically neutral induction agents. The combination of a high pulmonary artery pressure and low systemic blood pressure leads to RV ischemia and the risk of irreversible hemodynamic collapse.**

**Pitfall: Inappropriate mechanical ventilation settings leading to high intrathoracic pressure postintubation.**

High-flow nasal cannula (HFNC) or NIPPV with low end expiratory pressures can be trialed to improve the respiratory failure and prevent invasive mechanical ventilation. These noninvasive measures have the advantage of being easily removed should the positive pressure cause hemodynamic compromise ([@bib12],[@bib58]). If preventative measures fail and the patient must be intubated and placed on mechanical ventilation, postintubation ventilation strategies should focus on normalizing PaCO~2~, pH, and oxygenation while maintaining low airway pressure ([@bib58],[@bib61]). The positive pressure decreases RV preload and increases PVR, potentially exacerbating RV failure and hemodynamic compromise. A strategy of a low plateau pressure, low tidal volume (i.e., 6 mL/kg PBW), and low PEEP (i.e., 5 cm H~2~O) is recommended ([@bib58],[@bib61]).

**Pearl: The mechanical ventilation strategy in those with RV failure and pulmonary hypertension includes normalizing PaCO~2~, pH, and PaO~2~ with a low-pressure strategy using low PEEP (i.e., 5 cm H~2~O) and a low tidal volume.**

**Pitfall: Failure to treat a PE before induction and mechanical ventilation.**

PE is a common, acute cause of RV pressure overload ([@bib57]). The normal RV has difficulty acutely generating \>40 mm Hg of pressure in the case of PE, causing an acute pressure overload ([@bib57]). Systemic thrombolytic therapy is recommended in the hemodynamically unstable patient and is suggested either systemically or catheter-directed in select cases of the intermediate-to high-risk category with low bleeding risk (i.e., poor gas exchange, RV dysfunction, myocardial injury, etc.) ([@bib62]). If indicated, systemic thrombolytics should be administered before intubation; thrombolysis may prevent the need for intubation or at the very least decrease the risk of peri-intubation cardiac arrest. If the patient with an acute PE must be intubated, the same considerations of low pressure as previously discussed apply.

**Pearl: In the patient with acute RV failure from PE, treatment with thrombolysis in the unstable patient before intubation is recommended.**

Advanced treatment considerations in those with RV failure or pulmonary hypertension with postintubation refractory shock or hypoxemia include inhaled pulmonary vasodilators (i.e., inhaled nitric oxide or epoprostenol) and mechanical support devices, including extracorporeal membrane oxygenation. Such complex cases should be discussed with the pulmonary hypertension specialist center and critical care physician ([@bib58]).

**Pearl: Consider transfer to a specialty center for the intubated patient with known RV failure or pulmonary hypertension.**

Severe Hypoxemia {#sec2.5}
----------------

**Pitfall: Failure to adequately preoxygenate before intubation.**

Hypoxemic respiratory failure from pneumonia and other causes is a common indication for intubation in the ED and ICU. However, despite being a necessary and life-saving procedure in critically ill patients, intubation can have deleterious consequences, including worsening hypoxemia and cardiovascular collapse. Severe hypoxemia during intubation is associated with adverse outcomes and is a risk factor for intubation-related cardiac arrest ([@bib13],[@bib34]). Not surprisingly, oxygen saturation at induction and hypoxemic respiratory failure as the indication for intubation are among the strongest predictors of hypoxemia during intubation ([@bib63]). Preintubation hypoxemia and lack of preoxygenation were also found to be major predictors of intubation-related cardiac arrest in ICU patients undergoing emergent intubation ([@bib13]).

**Pearl: Preintubation hypoxemia and lack of preoxygenation are predictors of adverse events.**

**Pitfall: Not using NIPPV or appropriate positioning during preoxygenation.**

Preoxygenation and apneic oxygenation are the 2 primary interventions that should be employed to improve preintubation pulse oximetry (SpO~2~) and reduce the risk of desaturation, with its subsequent complications, during intubation. Positioning during preoxygenation is important in all patients, particularly in those that are obese, with a semiupright or reverse Trendelenburg preferred ([@bib64], [@bib65], [@bib66]). Traditionally performed using a nonrebreather mask, several studies have shown improved preoxygenation using NIPPV or HFNC in hypoxemic patients requiring emergent intubation ([@bib67], [@bib68], [@bib69]). Baillard et al. found that in severely hypoxemic patients requiring emergent intubation in the ICU, preoxygenation with NIPPV compared with nonrebreather mask resulted in an increased SpO~2~ after preoxygenation as well as during and after intubation ([@bib67]). Episodes of severe desaturation to SpO~2~ \<80% were significantly less common in the NIPPV group compared to the control group (2/27 vs. 12/26) ([@bib67]). The FLORALI-2 trial compared preoxygenation with HFNC to NIPPV in 322 patients in the ICU with acute hypoxemic respiratory failure ([@bib68]). It found no significant difference in the incidence of severe hypoxemia or serious adverse events between groups. However, in the subgroup of patients with preintubation moderate-to-severe hypoxemia (Pa0~2~/FiO~2~ ≤200), NIPPV resulted in a statistically significant decrease in incidence of severe hypoxemia ([@bib68]). Of note, the lack of difference may be confounded by the fact that NIPPV ventilation group received no apneic oxygenation while the HFNC group continued to receive apneic oxygenation via HFNC. NIPPV may be beneficial in those with severe hypoxemia for preoxygenation, as this group had equivalent overall outcomes and reduced hypoxemia despite not receiving apneic oxygenation ([@bib68]). Further supporting the use of NIPPV for preoxygenation, a recent meta-analysis by Fong et al. of 7 randomized controlled trials (959 patients) examining preoxygenation before intubation in adult patients with acute hypoxemic respiratory failure found that preoxygenation with NIPPV resulted in significantly less desaturation than preoxygenation with conventional oxygen therapy (nonrebreather mask or bag mask valve) or HFNC ([@bib69]). In addition, both NIPPV and HFNC resulted in a lower risk of intubation-related complications than conventional oxygen therapy ([@bib69]).

The benefit of HFNC for preoxygenation and apneic oxygenation compared with conventional oxygen therapy is unclear. Several small randomized controlled trials comparing HFNC to BVM or face mask in hypoxemic patients found no statistically significant difference in mean lowest SpO~2~ between groups ([@bib70], [@bib71], [@bib72]). Recently, the OPTINIV trial compared the combination of HFNC and NIPPV to NIPPV alone for preoxygenation in patients in the ICU requiring intubation for hypoxemic respiratory failure ([@bib73]). The intervention group (HFNC plus NIPPV) continued to receive apneic oxygenation via HFNC while the NIPPV group alone received no further oxygenation after the standardized 4-min preoxygenation period. The authors found that the intervention group had higher minimum SpO~2~ during intubation (100% vs. 96%) and fewer episodes of desaturation SpO~2~ \<80% (0% vs. 21%) than the control group ([@bib73]).

**Pearl: Preoxygenate using NIPPV in a head-elevated position if the patient\'s clinical condition allows and use apneic oxygenation with HFNC.**

**Pitfall: Failure to use proper protective equipment in those with suspected respiratory infections.**

It is important to note that these preoxygenation strategies are effective in those requiring intubation because of respiratory infections. In the study by Baillard et al., 65--70% of included patients had a diagnosis of pneumonia ([@bib67]). In addition, 35% of study participants in the FLORALI-2 trial had primary respiratory failure caused by infection ([@bib68]). Though discussion of airway management for patients with novel COVID-19 is beyond the scope of this paper, in the midst of a respiratory illness pandemic appropriate personal protective equipment (PPE) with airborne precautions, careful donning and doffing of PPE, and the use of negative pressure rooms should be used to reduce the risk of disease transmission. If a negative pressure room is not available, a private room with a closed door is recommended. If COVID-19 is suspected, video laryngoscopy is recommended. Viral filters must also be appropriately used.

**Pearl: Use airborne precautions when intubating and preoxygenating a patient with a highly contagious illness, such as COVID-19.**

Conclusions {#sec3}
===========

Emergency clinicians are experts in airway management and routinely encounter critically ill patients with pre- and postintubation physiologic challenges associated with adverse events. Those with a severe metabolic acidosis require maintenance of the minute ventilation to prevent a sudden deterioration in pH. In the case of shock and hypotension, resuscitation before induction is the goal, and a shock index of ≥0.8--0.9 predicts PIH. Preceding hypoxemia should be aggressively preoxygenated using NIPPV. Pulmonary hypertension and RV failure present complex physiologic challenges; the major goal is to avoid systemic hypotension or a sudden increase in PVR from hypercapnia or hypoxemia. Obstructive lung disease presents a risk of hemodynamic collapse from high intrathoracic pressure caused by air trapping, and patients require prolonged expiratory times with slow respiratory rate while mechanically ventilated. These considerations can assist emergency clinicians in optimizing the patient during and after intubation attempts.Article Summary1. Why is this topic important?Critically ill patients present several physiologic challenges to emergency clinicians. 2. What does this review attempt to show?This review provides an evidence-based approach to management of the physiologically challenging airway. 3. What are the key findings?Peri-intubation complications can occur in emergent airways. High-risk scenarios including severe metabolic acidosis; shock and hypotension; obstructive lung disease; pulmonary hypertension, right ventricle failure, and pulmonary embolism; and severe hypoxemia require consideration of several factors to optimize patient outcomes. 4. How is patient care impacted?Knowledge of these scenarios can improve management of challenging physiologic scenarios.
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[^1]: COPD = chronic obstructive pulmonary disease; NIPPV = noninvasive positive pressure ventilation; PEEP = positive end expiratory pressure; PPE = personal protective equipment.

[^2]: Calculated as heart rate/systolic blood pressure.

[^3]: Calculated as heart rate/systolic blood pressure (normal 0.5--0.7).
